The reproduction of the Arabian oryx (Oryx leucoryx) has been studied in a breeding center in Taif (Saudi Arabia). In the first experiment, three groups of females were assigned to groups immediately after calving. In group 1, from the day of calving the females had visual and olfactory but not physical contact with a male. The calves were removed on the day of birth and each female was placed with a male on Day 45. In group 2, females and their calves were placed individually with a male the day after calving. In group 3, females and their calves were kept with neither visual nor olfactory contact with a male and then placed with a male on Day 90. The estrous cycle was deduced from assays of plasma progesterone up to Day 120 after calving. All females exhibited a postpartum estrus a few days after parturition but the occurrence of the estrus was significantly delayed in females of group 3. The length of the estrous cycle was 23.7 ± 1.3 days and the gestation length was 255.2 ± 1.5 days. In the second experiment, a group of adult females was formed in 1987 and the intervals between calving recorded over a period of 5 years. The mean interval between calving was 285 ± 2 days (n = 99 gestations). However, 66.6% of these intervals averaged 276 days whereas 19.2% had averaged 294 and 13% averaged 321 days.
The Arabian oryx (Oryx leucoryx) was endemic to the Arabian Peninsula and Sinai until its extinction in the wild in 1972 (Stanley Price, 1989) . Its sexual cycle is known from earlier data and from animals living in captivity. Hippotragine antelopes in general exhibit a postpartum estrus (Densmore and Kraemer, 1986; Dieckman, 1980; Gill and Cape-Browne, 1988) , and the interval between calves in the Arabian oryx has been reported as 241 to 270 days (Stanley Price, 1989) . Calving was observed throughout the year, implying aseasonality, similar to the birth interval and the birth period observed in addax (Addax nasomaculatus) (Densmore and Kraemer, 1986) . It remains uncertain, however, if reproduction is aseasonal in the Hippotragini in general. Wacher (1988) indicated that as in the scimitar oryx (Oryx dammah; Durrant, 1983) and the addax (Densmore and Kraemer, 1986) , in the captive Arabian oryx birth was not synchronized with the seasons. In contrast, Stewart (1962) reported that in the wild births were more frequent in the late spring and summer or in winter. In North America (33°N) captive oryx exhibited seasonality of reproduction (Stanley Price, 1989) .
In new parturient Arabian oryx the estrous cycle inferred from behavior is between 25 and 32 days (Turkowski and Mohney, 1971 ). However, an estrous cycle of 22 days was hormonally determined in scimitar horned oryx (O. dammah; Durrant, 1983) , but to our knowledge, no data have been recorded about the influence of lactation, which usually prevents ovulation in mammals, on the timing of the postpartum estrus. Moreover, in the absence of males estrus in cervids is delayed (Verme, et al. 1987) .
Another factor influencing the timing of reproduction in mammals is the energy available during gestation and lactation. In a seasonal environment, females give birth in spring but in equatorial conditions, they tend to breed aseasonally (Spinage, 1986) . In captive populations, with ample water and food one factor possibly influencing reproduction would be removed.
The present study was intended to provide new data on the reproduction of Arabian oryx and to investigate the effects of lactation and of the presence of the male on the occurrence of postpartum estrus.
METHODS
This study was conducted at the National Wildlife Research Centre, Taif, Saudi Arabia (21°17ЈN, 40°40ЈE; 1500 m above sea level; see also Abuzinada et al., 1988) . Animals were kept in groups of one to five in enclosures of 300 m 2 to 25 ha. They were fed ad libitum with dry hay (Katambora Rhodes Grass, 91% dry matter, 14% crude protein). Pellets were given daily to pregnant females and to young. Water was available ad libitum.
Experiment A. Incidence of Lactation and/or the Presence of the Male on the Occurrence of the Postpartum Estrus
Thirteen pregnant females were allocated to three groups and 13 adult males were assigned to the experiment.
Females of group 1 (n = 4) had visual and olfactory contact, but not physical, with the male. Calves were removed from their mothers immediately after their birth, and after they had received colostrum, they were hand reared and transferred to a nursery for another experiment. Each female was kept alone for 45 days (a male was always present in a neighboring pen). Each female was then individually introduced into the pen of the neighboring male and she remained continuously with the male for 120 days.
In group 2 (n = 4), each female and its newborn calf were individually introduced and remained continuously with a male, the day after calving, for a period of 120 days.
In group 3 (n = 5), females and their newborn calves were kept alone (without any visual or physical contact with a male) in enclosures located several hundred meters from the other parks of oryx and separated by different captive species (bighorn sheep, ostriches). Then, after a period of 90 days, the females were each placed with a male for 120 days.
Experiment B. Investigation of Seasonality of Births
A set of 45 captive adult females was used since 1987 in the longitudinal analysis. They were held individually or in small groups (two to three). Ten days after calving, the individuals or groups were placed with a male for a period of 120 days. All animals were individually identified and the date of birth was recorded for each calf. Since the beginning of the study, a total of 99 gestations was recorded. Blood samples were not taken from these animals.
Blood Sampling
In order to reduce the stress of sampling, the animals were enclosed in small capture pens where the food was given daily a few hours before handling. For sampling, two persons entered in the small pens and rapidly physically restrained the animals. After manual restraint, females were blindfolded and sampled within 30 sec of the beginning of manipulations. Sampling always took place between 1000 and 1100.
In Experiment A, the females of groups 1 and 2 were sampled twice a week from D0 (D0, day of parturition) to D45 and then sampled at D60 and D120. Females of group 3 were sampled twice a week over 4 months.
The blood sample, in a heparinized tube, was immediately centrifuged and the plasma was kept frozen at −20°for further analysis.
For assays, the samples were sent to the Centre d'Etudes Biologiques de Chizé. The time of travel never exceeded 26 hr and the samples were always received in a frozen state.
Determination of Ovulation, Length of Estrous Cycle, Conception, and Length of Gestation
Ungulates are generally considered to have ovulated when plasma progesterone is increased above the level, by at least 1 ng/ml (Gaillard et al., 1992) . The mean length of the estrous cycle was calculated by: (i) identifying the periods when cycles occurred and determining their length (p, days), (ii) counting the number of cycles in these periods (n, cycles), and (iii) calculating the mean cycle length (pn, days/cycle). The increase of progesterone level over 1 ng/ml for some consecutive days indicated each estrous cycle for all animals of groups 1, 2, and 3 during the period of measurement. Conception was inferred from the presence of a major (>1 ng/ml) and persistent (>40 days) increase of progesterone and was confirmed by ultrasonography 6 to 8 weeks following the onset of this increase. Behavioral estrus was noted on only a few occasions.
Hormone Assay
Progesterone was assayed using the radioimmunoassay described by Sempéré et al. (1992) . The sensitivity was 6.25 pg per tube. Cross-reactivities were 1.7 for ␤-hydroxyprogesterone and < 0.3% for oestradiol, cortisol, and androstenedione. The mean recovery for extracts of plasma was 97.6 ± 0.01%. All samples for each female were analyzed in one assay. The interassay coefficient of variation was 11% and the intraassay coefficient was 6.5%.
Statistical Analysis
Hormone concentrations are presented with standard errors of the mean. Progesterone concentrations from Day 1 to Day 3 after parturition and estrous cycle lengths were analyzed statistically by analysis of variance (after testing homogeneity of intragroup variances) and by the Newman-Keuls multiple range test. Statistical analysis for interval of postpartum estrous cycle between groups 1 and 2 (pooled) and group 3 were performed using the Mann-Whitney U test.
RESULTS

Hormonal Study of Estrus and Gestation (Experiment A)
Considering the 13 calvings observed in groups 1, 2, and 3, in all females progesterone concentrations were still high (1.35 ± 0.28 ng) the day of calving (Day 1). Progesterone concentrations then fell, to reach basal levels (0.25 ± 0.04 ng) on Day 3.
In females with visual or physical contact with males, first estrous cycle occurred 17.8 ± 1.8 days (n = 4) after calving in nonlactating females (group 1) and 19.5 ± 2.4 days (n = 4) in lactating females (group 2). This difference is not significant. The first estrous cycle was significantly later (30.6 ± 3.8 days; P < 0.033) in females of group 3, which had no physical or olfactory contact with males ( Fig. 1) .
Of the 13 postpartum estrous cycles, 74% were preceded by a short luteal cycle of 7 days. There were other estrous cycles in total, of which 63% were separated by short luteal cycles. Such short cycles were particularly evident in the females of group 3. These short cycles were observed within 2 to 10 days of the introduction of the male (Fig. 2) . The mean length of the estrous cycle calculated between two minimum progesterone concentrations, and which included a period of full cycle of progesterone level, was 23.7 ± 1.3 days (n = 13) with a range from 21 to 26 days, whereas the mean interval between 2 estrous cycles, when progesterone concentrations were low, was 3.9 ± 0.4 days. Therefore, the mean interval between peaks of progesterone determined with three females, for a total period (ranging from 52 to 98 days) which covered 2 or 3 full cycles and which included also the period of low progesterone levels, was 25.75 ± 0.05 (n = 13 cycles). Moreover, some females isolated from males exhibited a first postpartum estrus followed, respectively, by 38 days (no. 122) and 42 days (no. 132) of anestrus.
Regarding the progesterone profiles and the calving date, the gestation length of females was 255.2 ± 1.5 days (n = 13).
Monthly Distribution of Birth
From 1988 to 1992, the calving interval of the captive breeding population (Experiment B) averaged 285 ± 2 days (n = 99 gestations). Interbirth intervals were 276 days (for 66.6% of gestations), 294 days (19.2%), and 321 days (13%) (Fig. 3) . In very few occasions, some calving intervals were as long as 372 days. The birth distribution was observed throughout the year with nonsignificant fluctuation between months (Fig. 4) .
DISCUSSION
The results presented in this endocrinological study confirm that a postpartum ovulation occurred at 18 days in captive Arabian oryx. High concentrations of progesterone in bovids indicate that significant ovarian activity is present and can reveal the presence of luteal tissue and luteinized ovarian follicles (Edqvist and Stabenfeldt, 1989) . Postpartum ovulation is generally common in ungulates (Dittrich, 1972; Kingdon, 1982; Dobroruka, 1987; Williamson and Williamson, 1988; Irby, 1979) including Hippotragini: addax (Densmore and Kraemer, 1986), gemsbok (Dieckman, 1980) , and scimitar horned oryx (Gill and Cape-Browne, 1988) .
The timing of the postpartum estrus (first ovulation) was not affected by lactation. On the contrary, if there was no conspecific male within olfactory and visual contact, the duration of the anestrous period following parturition was lengthened in comparison with females living with a male in the same enclosure or in neighboring pens. Similar observations have been made in some species of Cervidae (Verme, et al. 1987) and have indicated the importance of the presence of a male for the resumption of cyclicity in females after calving. Moreover, the ovarian cyclicity of some isolated females was not regular, which could suggest that the presence of the male promotes ovarian regularity.
The length of the short luteal phases, which usually precede a normal cycle, is probably about 5-6 days, similar to that observed in sheep (L'Anson and Legan, 1988) , bovids (Hunter et al., 1989) , and roe deer (Hoffmann et al., 1978; Sempéré et al., 1992) . It has been shown (Curlewis et al., 1988; Plotka et al., 1980) that such short luteal phases usually initiate the estrous season. From our data, the occurrence of short luteal phases a few days after parturition predicts the postpartum estrus. That short luteal phases are observed while a male is present suggests the induction of estrus under a male effect (Thimonier et al., 1986) .
The cycle length recorded (23.7 days) confirms results obtained from behavioral observations
FIG. 1.
Progesterone concentrations during the postpartum estrus in adult female oryx. Females of groups 1 and 2 (pooled; n = 8) (solid line) were in visual contact with a male. Females of group 3 (n=5) (dotted line) were isolated from males. (Turkowski and Mohney, 1971; Stanley Price, 1989) , while a range between 25 and 32 days was reported. Considering other Hippotragini, previous observations reported estrus to last 16-18 days in gemsbok (Dieckman, 1980) and 21 days in scimitar horned oryx (Knowles and Oliver, 1975) , and assays of urinary pregnandiol 3 glucuronide indicated a mean duration of 21-22 days in scimitar horned oryx (Durrant, 1983) . Length of estrus in other wild species of Bovidae is comparable: 23 days in African buffalo (Sinclair, 1977) , 21-22 days in lesser kudu (Vahala, 1992) , 22-28 days in Alaska moose (Schwartz and Hundertmark, 1993) , and between 21 and 28 days in most species of Cervidae (Wong and Parker, 1988) .
Successive luteal cycles occurring in several females physically separated from the males confirm that the Arabian oryx is a polyestrous species and could be fertilized at different intervals after birth.
A gestation length of 255 days is shorter than the mean duration of 264 days, ranging from 255 to 273 days, recorded from Arabian oryx in Oman (Stanley Price, 1989) . This gestation length appeared to be shorter than the 9-month period reported by Dolan (1976) and Jungius (1985) . Among Hippotragini, the mean gestation length is nearly constant, with 248 days (n = 7 animals) in scimitar horned oryx (Knowles and Oliver, 1975) and 257 and 264 days (Densmore and Kraemer, 1986) or between 8.5 and 9 months in addax and gemsbok, as well as in roan and sable antelopes (Dittrich, 1972) .
If we considered that the shortest interval between two calving periods would be 274 days (18.9 days of anestrus postpartum and 255.2 days of pregnancy), we can hypothesize that most of the females are impregnated just after the postpartum anestrus (64%) and then after their first (23.4%) or second (10.4%) estrous cycle. These results strongly suggest that the fecundity of the first estrus is particularly high, and it appears that in captive breeding 97% of females are impregnated in a 3-month period following calving. Similar high rates of fertilization have already been reported in fringe-eared oryx (Wacher, 1988) , gemsbok, and addax (Dieckman, 1980) . The evidence of some failure in the fertility at the first estrus even in captive animals, where food is provided, strongly suggested the possible regulation of the sexual cycles by internal factors which could be implicated in the metabolism.
The intervals between two calvings in oryx living in the wild in the Mahazat Al Sayd reserve (2650 km 2 ) located 150 km east of Taif were 294 ± 4 days (n = 4), 310 ± 13 days (n = 13), and 377 ± 41 days (n = 6) (Ismael, personal communication) . That these intervals between two calvings in wild animals are wider implies that environmental factors might be important, such as temperature (cold winter and hot summer), seasonal rains, and seasonal variations of the food availability.
The nonsignificant fluctuation of birth distribution throughout the year that we have found in captive animals suggests that a reliable food supply may compensate for any effects on reproduction. From data on seasonal reproduction of Arabian oryx collected before its complete extinction in the wild, calves were seen throughout the year, but peaks of births were most frequent in late spring and in summer, or in winter (Stewart, 1962) . Captive oryx living in San Diego and Phoenix (33°N) give birth all year round but exhibited a marked seasonal birth season with a minimum in summer (Stanley Price, 1989) . After translocation (20°N), these animals retained a similar seasonal birth pattern that was conserved (Stanley Price, 1989) .
The question of the seasonal reproduction in Hippotragini generally is not well known. The analysis of 900 births in captive addax failed to show any peak during the year, while reproduction appeared to be seasonal in the wild (Gillet, 1965) . No peaks of calving have been recorded in wild fringe-eared oryx (Wacher, 1988) or in wild gemsbok (Dieckman, 1980) , while a peak of births was described during the long dry season in the fringe-eared oryx in Kenya (Leuthold and Leuthold, 1975) . Gillet (1965) , working in Chad, recorded a peak of births in July in scimitar horned oryx, but another study on populations indicated a regular reproductive periodicity of 9 months, the calving being disrupted in drought years (Newby, 1988) .
These results suggested that environmental factors like temperatures or/and rains and social factors (i.e., the presence of a male) could affect the fertility of the postpartum estrus in oryx. The presence of the male would have a stimulating effect on the first postpartum estrus. Moreover, although in captive conditions, most of the females are mated at their first postpartum estrus, and some females failed to be fertilized at their first estrus, which would strongly suggest that environmental factors could also be implicated in the seasonal patterns of body condition of females.
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FIG. 4.
Monthly distribution of births in Arabian oryx. Details, Fig. 3 .
FIG. 3. Number of interbirth intervals of different lengths in a confined population of Arabian oryx (Experiment B).
